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An image processing apparatus Which decides a comparison 
position for performing similarity comparison between a 
comparison source image and a comparison destination 
image. A comparison source image and comparison desti 
nation image are divided into a plurality of blocks. Feature 
amounts of the images are calculated for each divided block. 
The similarity distance between the images are calculated 
after shifting on the basis of the feature amounts of corre 
sponding blocks in the images. A position correction amount 
for correcting the comparison positions of the images is 
calculated on the basis of the siZe of the block and a position 
shifting pattern. Every time the position correction amount 
is calculated, the designated block division count is incre 
mented, and the process is recursively executed. When 
recursive processing is determined to be ended, a compari 
son position at this time is ?nalized as the ?nal comparison 
positions of the images. 
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IMAGE PROCESSING APPARATUS, METHOD 
THEREFOR, AND PROGRAM 

FIELD OF THE INVENTION 

[0001] The present invention relates to an image process 
ing apparatus Which decides a comparison position for 
performing similarity comparison betWeen a comparison 
source image and a comparison destination image, a method 
therefor, and a program. 

BACKGROUND OF THE INVENTION 

[0002] As a conventional technique associated With pat 
tern inspection for detecting a defect by comparing succes 
sively input images to be inspected With a reference image 
as an example of similarity comparison, there are knoWn 
Japanese Patent Laid-Open Nos. 5-232038 and 2001 -22935. 

[0003] In Japanese Patent Laid-Open No. 5-232038, a 
difference image signal betWeen an image signal of N><M 
pixels Which is acquired from an image signal of an image 
to be inspected, and an image signal of N><M pixels Which 
is acquired from an image signal of a reference image stored 
in a memory is calculated While the image is shifted pixel by 
pixel up to a maximum pixel count M designated in advance 
in the horizontal and vertical directions. The absolute values 
of difference image signals are added by an addition circuit, 
and a minimum value is detected by a minimum value 
detection circuit, decreasing a difference at a pattern edge 
and detecting only a defect. 

[0004] In Japanese Patent Laid-Open No. 2001-22935, 
alignment is executed at a plurality of stages (a stage for a 
region having a large number of pixels and a stage for a 
region having a small number of pixels) on the basis of 
electron beam image signals successively detected from an 
object to be inspected in Which various ?ne patterns coexist, 
thereby reducing alignment errors at high precision of 
subpixel order. The frequency of erroneous detection of a 
normal ?ne pattern can be reduced, and a small defect 
generated on a ?ne pattern can be accurately inspected 
Without missing such a defect. 

[0005] HoWever, according to Japanese Patent Laid-Open 
No. 5-232038, When the shift range is Wide, the calculation 
cost greatly rises. The difference betWeen image signals can 
be recogniZed at only a precision of an N><M block. 

[0006] In Japanese Patent Laid-Open No. 2001-22935, 
position shifting matching is executed at a loW resolution, 
and the position shifting range at the next resolution is 
limited in accordance With the degree and continuity of 
matching, realiZing both high speed and high precision. 

[0007] In initial matching targeted to a divided block of 
many pixels, matching is done While shifting the position of 
the divided block in steps of unitary pixels. When a block of 
a Wide region has several ten to several hundred pixels, 
comparison processing in the square order must be per 
formed at this stage in performing matching tolerant of a 
position shift almost close to the block siZe. Considering the 
polarity of the matching distance by position shifting, posi 
tion shifting is done in a more restricted range in subsequent 
detail matching, and then detail matching is executed to 
detect a difference. In this case, the precision is high, but the 
calculation cost rises, and high-speed search cannot be 
expected. 
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SUMMARY OF THE INVENTION 

[0008] The present invention has been made to overcome 
the conventional drawbacks, and has as its object to provide 
an image processing apparatus capable of e?iciently decid 
ing a comparison position for performing similarity com 
parison betWeen a comparison source image and a compari 
son destination image, a method therefor, and a program. 

[0009] According to the present invention, the foregoing 
object is attained by providing an image processing appa 
ratus Which decides a comparison position for performing 
similarity comparison betWeen a comparison source image 
and a comparison destination image, comprising: 

[0010] designation means for designating a block division 
count representing a division count for dividing an image; 

[0011] dividing means for dividing each of the comparison 
source image and the comparison destination image into a 
plurality of blocks by the block division count designated by 
the designation means; 

[0012] feature amount calculation means for calculating 
feature amounts of the comparison source image and the 
comparison destination image for each block divided by the 
dividing means; 

[0013] storing means for storing a plurality of types of 
position shifting patterns for shifting comparison positions 
of the comparison source image and the comparison desti 
nation image; 

[0014] similarity distance calculation means for calculat 
ing, on the basis of feature amounts of corresponding blocks 
in the comparison source image and the comparison desti 
nation image, a similarity distance betWeen the comparison 
source image and the comparison destination image after the 
comparison positions are shifted by using the plurality of 
types of position shifting patterns; 

[0015] position correction amount calculation means for 
calculating a position correction amount for correcting the 
comparison positions of the comparison source image and 
the comparison destination image that are used in perform 
ing next similarity comparison, on the basis of a siZe of the 
block and a position shifting pattern corresponding to a 
smallest similarity distance among similarity distances cal 
culated by the similarity distance calculation means; 

[0016] correction means for correcting the comparison 
positions of the comparison source image and the compari 
son destination image by the position correction amount; 

[0017] executing means for, every time the position cor 
rection amount is calculated by the position correction 
amount calculation means, incrementing the block division 
count designated by the designation means, and recursively 
executing the means from the dividing means to the correc 
tion means; 

[0018] determination means for determining Whether to 
end recursive processing; and 

[0019] ?naliZing means for, When the recursive processing 
is to be ended on the basis of a determination result by the 
determination means, ?naliZing a comparison position at 
that time as ?nal comparison positions of the comparison 
source image and the comparison destination image. 
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[0020] In a preferred embodiment, the apparatus further 
comprises deciding means for deciding a comparison source 
region of the comparison source image and a comparison 
destination region of the comparison destination image, 

[0021] Wherein the dividing means divides each of an 
image in the comparison source region and an image in the 
comparison destination region into a plurality of blocks. 

[0022] In a preferred embodiment, the apparatus further 
comprises scaling means for, When a size of the comparison 
source region and a size of the comparison destination 
region Which are decided by the deciding means are differ 
ent, scaling at least one region so as to make the sizes equal 
to each other. 

[0023] In a preferred embodiment, the apparatus further 
comprises generation means for generating difference infor 
mation betWeen the comparison source image and the com 
parison destination image on the basis of the comparison 
positions ?nalized by the ?nalizing means. 

[0024] In a preferred embodiment, the apparatus further 
comprises level conversion means for, When feature amount 
levels of the images in the comparison source region and the 
comparison destination region Which are decided by the 
deciding means are different, converting the feature amount 
level of the image in at least one region so as to make the 
feature amount levels equal to each other. 

[0025] In a preferred embodiment, When both the image in 
the comparison source region and the image in the compari 
son destination region are color images, the feature amount 
calculation means calculates, as the feature amount, an 
average of color channels in each color image for each block 
divided by the dividing means, 

[0026] When one of the image in the comparison source 
region and the image in the comparison destination region is 
a color image and the other is a grayscale image, or both of 
the images are grayscale images, the feature amount calcu 
lation means calculates an average brightness of each image 
as the feature amount for each block divided by the dividing 
means, and 

[0027] When at least one of the image in the comparison 
source region and the image in the comparison destination 
region is a binary image, the feature amount calculation 
means calculates, as the feature amount for each block 
divided by the dividing means, a value Which is a majority 
of the binary image. 

[0028] In a preferred embodiment, When both the image in 
the comparison source region and the image in the compari 
son destination region are color images, the generation 
means generates difference information on the color images 
on the basis of the position correction amount ?nalized by 
the ?nalizing means, 

[0029] When one of the image in the comparison source 
region and the image in the comparison destination region is 
a color image and the other is a grayscale image, or both of 
the images are grayscale images, the generation means 
generates difference information on the grayscale images on 
the basis of the position correction amount ?nalized by the 
?nalizing means, and 

[0030] When at least one of the image in the comparison 
source region and the image in the comparison destination 
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region is a binary image, the generation means generates 
difference information on the binary image on the basis of 
the position correction amount ?nalized by the ?nalizing 
means. 

[0031] In a preferred embodiment, the apparatus further 
comprises scaling means for, When a size of the comparison 
source region and a size of the comparison destination 
region Which are decided by the deciding means are differ 
ent, scaling at least one region so as to make the sizes equal 
to each other, 

[0032] Wherein the generation means generates, on the 
basis of the position correction amount ?nalized by the 
?nalizing means, difference information betWeen the image 
in the comparison source region and the image in the 
comparison destination region after scaling by the scaling 
means. 

[0033] In a preferred embodiment, position shifting direc 
tions de?ned by the plurality of types of position shifting 
patterns are a total of ?ve directions including tWo horizon 
tal directions, tWo vertical directions, and one ?xed direc 
tion. 

[0034] In a preferred embodiment, position shifting direc 
tions de?ned by the plurality of types of position shifting 
patterns are a total of nine directions including tWo hori 
zontal directions, tWo vertical directions, four oblique direc 
tions, and one ?xed direction. 

[0035] In a preferred embodiment, the designation means 
comprises block division count calculation means for cal 
culating a block division count larger than the block division 
count in previous similarity comparison by multiplying the 
block division count in previous similarity comparison by a 
predetermined constant, and 

[0036] the executing means updates the block division 
count calculated by the block division count calculation 
means as a neW block division count every time the position 
correction amount is calculated by the position correction 
amount calculation means unless the block division count 
calculated by the block division count calculation means 
exceeds an upper limit block division count. 

[0037] In a preferred embodiment, When a second smallest 
similarity distance Which falls Within a product of the 
smallest similarity distance multiplied by a ?rst constant 
exists in similarity distances calculated by the similarity 
distance calculation means, the position correction amount 
calculation means calculates a position correction amount 
for correcting the comparison positions of the comparison 
source image and the comparison destination image that are 
used in performing next similarity comparison, on the basis 
of the size of the block and position shifting patterns 
corresponding to the smallest similarity distance and the 
second smallest similarity distance, and 

[0038] When a second smallest similarity distance Which 
falls Within the product of the smallest similarity distance 
multiplied by the ?rst constant does not exist, the position 
correction amount calculation means calculates a position 
correction amount for correcting the comparison positions of 
the comparison source image and the comparison destina 
tion image that are used in performing next similarity 
comparison, on the basis of the size of the block and a 
position shifting pattern corresponding to the smallest simi 
larity distance. 
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[0039] In a preferred embodiment, the designation means 
designates, as the block division count, a horizontal block 
division count for dividing the comparison region in a 
horizontal direction and a vertical block division count for 
dividing the comparison region in a vertical direction, 

[0040] the position correction amount calculation means 
calculates the position correction amount Which contains a 
lateral component corresponding to the horizontal direction 
and a longitudinal component corresponding to the vertical 
direction, 

[0041] When a horizontal block division count obtained by 
multiplying the horizontal block division count in previous 
similarity comparison by a predetermined constant exceeds 
an upper limit horizontal block division count, the longitu 
dinal component of the position correction amount is set to 
a value obtained by multiplying a longitudinal component of 
the position shifting pattern by the vertical block division 
count, and the lateral component of the position correction 
amount is set to a value of a lateral component of the 
position shifting pattern, 

[0042] When a vertical block division count obtained by 
multiplying the vertical block division count in previous 
similarity comparison by a predetermined constant exceeds 
an upper limit vertical block division count, the longitudinal 
component of the position correction amount is set to a value 
of the longitudinal component of the position shifting pat 
tern, and the lateral component of the position correction 
amount is set to a value obtained by multiplying the lateral 
component of the position shifting pattern by the horizontal 
block division count, and 

[0043] When the horizontal block division count obtained 
by multiplying the horizontal block division count in pre 
vious similarity comparison by the predetermined constant 
exceeds the upper limit horizontal block division count, and 
the vertical block division count obtained by multiplying the 
vertical block division count by the predetermined constant 
exceeds the upper limit vertical block division count, the 
longitudinal component of the position correction amount is 
set to the value obtained by multiplying the longitudinal 
component of the position shifting pattern by the vertical 
block division count, and the lateral component of the 
position correction amount is set to the value obtained by 
multiplying the lateral component of the position shifting 
pattern by the horizontal block division count. 

[0044] In a preferred embodiment, the determination 
means determines Whether to end the recursive processing, 
on the basis of a processing count of the recursive processing 
after the block division count designated by the designation 
means reaches an upper limit block division count. 

[0045] In a preferred embodiment, the determination 
means determines Whether to end the recursive processing, 
on the basis of the position correction amount in determi 
nation and a processing count of the recursive processing 
after the block division count designated by the designation 
means reaches an upper limit block division count. 

[0046] In a preferred embodiment, the determination 
means determines Whether to end the recursive processing, 
on the basis of a processing count of the recursive process 
ing, the position correction amount in determination, the 
block division count, and the smallest similarity distance. 
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[0047] In a preferred embodiment, an upper limit block 
division count of the block division count designated by the 
designation means is decided by a size of the comparison 
region. 
[0048] In a preferred embodiment, the designation means 
comprises block division count calculation means for cal 
culating a block division count larger than the block division 
count in previous similarity comparison by multiplying the 
block division count in previous similarity comparison by a 
predetermined constant, and 

[0049] the predetermined constant is a value falling Within 
a range from 1.0 to 2.0. 

[0050] In a preferred embodiment, the generation means 
generates the difference information on the basis of one of 
a pixel difference value betWeen corresponding pixels in the 
comparison source image and the comparison destination 
image, a value calculated by dividing a cumulative value of 
an absolute pixel difference value betWeen pixels by the 
number of pixels in the comparison region, coordinate 
information Which is converted into a size of each of the 
comparison source image and the comparison destination 
image, and a combination thereof. 

[0051] In a preferred embodiment, the generation means 
comprises 
[0052] acquisition means for acquiring a pixel difference 
value Which is not less than a predetermined threshold 
among pixel difference values betWeen corresponding pixels 
in the comparison source image and the comparison desti 
nation image, and 

[0053] quantization means for quantizing the pixel differ 
ence value acquired by the acquisition means, and 

[0054] the generation means generates, as the difference 
information, an image in Which in the comparison source 
image, a pixel having a pixel difference value Which belongs 
to each quantization level of the quantization means is 
displayed in a color different for each quantization level. 

[0055] In a preferred embodiment, the generation means 
comprises acquisition means for acquiring a pixel difference 
value Which is not less than a predetermined threshold 
among pixel difference values betWeen corresponding pixels 
in the comparison source image and the comparison desti 
nation image, and 

[0056] the generation means generates, as the difference 
information, an image in Which in the comparison source 
region, a pixel corresponding to a pixel difference value 
acquired by the acquisition means is displayed in a prede 
termined color. 

[0057] In a preferred embodiment, the predetermined 
threshold is a positive value including 0. 

[0058] According to the present invention, the foregoing 
object is attained by providing an image processing method 
of deciding a comparison position for performing similarity 
comparison betWeen a comparison source image and a 
comparison destination image, comprising: 
[0059] a designation step of designating a block division 
count representing a division count for dividing an image; 

[0060] a dividing step of dividing each of the comparison 
source image and the comparison destination image into a 
plurality of blocks by the block division count designated in 
the designation step; 
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[0061] a feature amount calculation step of calculating 
feature amounts of the comparison source image and the 
comparison destination image for each block divided in the 
dividing step; 

[0062] a similarity distance calculation step of calculating, 
on the basis of feature amounts of corresponding blocks in 
the comparison source image and the comparison destina 
tion image, a similarity distance betWeen the comparison 
source image and the comparison destination image after 
comparison positions are shifted by using a plurality of types 
of position shifting patterns for shifting the comparison 
positions of the comparison source image and the compari 
son destination image; 

[0063] a position correction amount calculation step of 
calculating a position correction amount for correcting the 
comparison positions of the comparison source image and 
the comparison destination image that are used in perform 
ing next similarity comparison, on the basis of a siZe of the 
block and a position shifting pattern corresponding to a 
smallest similarity distance among similarity distances cal 
culated in the similarity distance calculation step; 

[0064] a correction step of correcting the comparison 
positions of the comparison source image and the compari 
son destination image by the position correction amount; 

[0065] an executing step of, every time the position cor 
rection amount is calculated in the position correction 
amount calculation step, incrementing the block division 
count designated in the designation step, and recursively 
executing the steps from the dividing step to the correction 
step; 

[0066] a determination step of determining Whether to end 
recursive processing; and 

[0067] a ?nalizing step of, When the recursive processing 
is to be ended on the basis of a determination result in the 
determination step, ?nalizing a comparison position at that 
time as ?nal comparison positions of the comparison source 
image and the comparison destination image. 

[0068] According to the present invention, the foregoing 
object is attained by providing a computer program for 
implementing image processing of deciding a comparison 
position for performing similarity comparison betWeen a 
comparison source image and a comparison destination 
image, comprising: 

[0069] a program code for a designation step of designat 
ing a block division count representing a division count for 
dividing an image; 

[0070] a program code for a dividing step of dividing each 
of the comparison source image and the comparison desti 
nation image into a plurality of blocks by the block division 
count designated in the designation step; 

[0071] a program code for a feature amount calculation 
step of calculating feature amounts of the comparison source 
image and the comparison destination image for each block 
divided in the dividing step; 

[0072] a program code for a similarity distance calculation 
step of calculating, on the basis of feature amounts of 
corresponding blocks in the comparison source image and 
the comparison destination image, a similarity distance 
betWeen the comparison source image and the comparison 
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destination image after comparison positions are shifted by 
using a plurality of types of position shifting patterns for 
shifting the comparison positions of the comparison source 
image and the comparison destination image; 

[0073] a program code for a position correction amount 
calculation step of calculating a position correction amount 
for correcting the comparison positions of the comparison 
source image and the comparison destination image that are 
used in performing next similarity comparison, on the basis 
of a siZe of the block and a position shifting pattern 
corresponding to a smallest similarity distance among simi 
larity distances calculated in the similarity distance calcu 
lation step; 

[0074] a program code for a correction step of correcting 
the comparison positions of the comparison source image 
and the comparison destination image by the position cor 
rection amount; 

[0075] a program code for an executing step of, every time 
the position correction amount is calculated in the position 
correction amount calculation step, incrementing the block 
division count designated in the designation step, and recur 
sively executing the steps from the dividing step to the 
correction step; 

[0076] a program code for a determination step of deter 
mining Whether to end recursive processing; and 

[0077] a program code for a ?naliZing step of, When the 
recursive processing is to be ended on the basis of a 
determination result in the determination step, ?naliZing a 
comparison position at that time as ?nal comparison posi 
tions of the comparison source image and the comparison 
destination image. 

[0078] Other features and advantages of the present inven 
tion Will be apparent from the folloWing description taken in 
conjunction With the accompanying draWings, in Which like 
reference characters designate the same or similar parts 
throughout the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0079] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention, and together With the 
description, serve to explain the principles of the invention. 

[0080] FIG. 1 is a vieW shoWing an example of the 
arrangement of an image processing apparatus according to 
an embodiment of the present invention; 

[0081] FIG. 2 is a ?owchart shoWing an outline of pro 
cessing by the image processing apparatus according to the 
embodiment of the present invention; 

[0082] FIG. 3 is a vieW for explaining a comparison 
region deciding method according to the embodiment of the 
present invention; 

[0083] FIG. 4 is a table for explaining caution to be 
exercised in block division according to the embodiment of 
the present invention; 

[0084] FIG. 5 is a ?owchart shoWing details of compari 
son processing according to the embodiment of the present 
invention; 
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[0085] FIG. 6 is a view showing an example of a position 
shifting pattern according to the embodiment of the present 
invention; 
[0086] FIG. 7 is a view showing an example of position 
shifting according to the embodiment of the present inven 
tion; 
[0087] FIG. 8 is a view for explaining a position correc 
tion amount calculation method according to the embodi 
ment of the present invention; 

[0088] FIG. 9 is a ?owchart showing details of difference 
image generation processing according to the embodiment 
of the present invention; 

[0089] FIG. 10 is a ?owchart showing an example of 
details of determination processing according to the embodi 
ment of the present invention; 

[0090] FIG. 11 is a ?owchart showing another example of 
details of determination processing according to the embodi 
ment of the present invention; and 

[0091] FIG. 12 is a ?owchart showing still another 
example of details of determination processing according to 
the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0092] Preferred embodiments of the present invention 
will be described in detail in accordance with the accom 
panying drawings. 
<Arrangement of Apparatus> 

[0093] FIG. 1 is a view showing an example of the 
arrangement of an image processing apparatus according to 
an embodiment of the present invention. 

[0094] In FIG. 1, reference numeral 101 denotes a CPU 
which executes various arithmetic and control operations in 
image processing (or image search processing) according to 
the embodiment. Reference numeral 102 denotes a ROM 
which stores various permanent data and a boot program 
executed at startup of the image processing apparatus. 

[0095] Reference numeral 103 denotes a RAM which 
stores control programs to be processed by the CPU 101 and 
provides a work area used to execute various control opera 
tions by the CPU 101. For example, the RAM 103 stores, in 
its storage area, a comparison determination module 103a 
serving as a program for image processing of the present 
invention, a comparison source image, a comparison desti 
nation image, a scaling image (the scaling image is the 
image that enlarged/reduced to be same siZe as an another 
one), a work area for performing various processes, and 
processing information on processing (processing param 
eters, various counter values, thresholds, and the like). 

[0096] Reference numeral 104 denotes a keyboard; and 
105, a mouse which provides various input operation envi 
ronments for, e.g., designating a processing mode by the 
user. Reference numeral 106 denotes an external storage 
device which is formed from a hard disk, ?exible disk, 
CD-ROM, and the like. Reference numeral 107 denotes a 
NIC (Network Interface Controller) which has a network 
interface and enables communication with devices on a 
network. 
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[0097] Reference numeral 108 denotes a display device 
which is formed from an LCD, CRT, or the like. Reference 
numeral 109 denotes an interface (UP) for connecting an 
external device (e.g., an image input device 110). The image 
input device 110 is comprised of an image scanner, digital 
camera, and the like. Reference numeral 111 denotes a bus 
which interconnects various building components of the 
image processing apparatus. 

[0098] A comparison source image and comparison des 
tination image may be stored in an external storage device 
other than the RAM 103, or acquired from an external 
device or the image input device 110 on a network. 

[0099] An outline of processing by the image processing 
apparatus according to the embodiment will be explained 
with reference to FIG. 2. 

[0100] FIG. 2 is a ?owchart showing an outline of pro 
cessing by the image processing apparatus according to the 
embodiment of the present invention. 

[0101] In step S201, a comparison source image and 
comparison destination image are loaded from an image 
input source (e.g., the external storage device 106 or image 
input device 110) into a memory (e.g., the RAM 103). 

[0102] In step S202, a comparison source region and 
comparison destination region are decided as the compari 
son regions of the comparison source image and the com 
parison destination image. The comparison region may be 
decided manually by the user or automatically by the image 
processing apparatus. 

[0103] When the comparison region is automatically 
decided, histograms are created by projecting the brightness 
values of the comparison source image and comparison 
destination image in the horizontal and vertical directions. 
The circumscribed rectangle of an object to be compared is 
acquired from the distribution of brightness histograms. This 
example is illustrated in FIG. 3. The brightness histograms 
undergo threshold processing, and histogram intervals at 
which the brightness value is equal to or larger than the 
threshold are decided in the horiZontal and vertical direc 
tions, acquiring the circumscribed rectangle of the object. In 
the embodiment, a rectangular region de?ned by the cir 
cumscribed rectangle is decided as a comparison region 
(comparison range). 
[0104] In step S203, the homothetic ratio of the compari 
son source image and comparison destination image is 
calculated. If the comparison source image is larger on the 
basis of the homothetic ratio, it is reduced to generate a new 
comparison source image. Coordinate information of the 
comparison region is also corrected in accordance with 
reduction processing. 

[0105] If the comparison destination image is larger, it is 
reduced to generate a new comparison destination image. 
Coordinate information of the comparison region is also 
corrected in accordance with reduction processing. 

[0106] Processing of strictly matching the siZes of the 
comparison regions of the comparison source image and 
comparison destination image is very important. This is 
because in block division of the comparison region (to be 
described later), the comparison region is divided into 
blocks for longitudinal and lateral grids. If the siZe of the 
comparison region is different between the comparison 
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source image and the comparison destination image, the 
remainder Which remains When the longitudinal and lateral 
dimensions are divided by a block division count to attain 
the siZe of one block changes. 

[0107] FIG. 4 shoWs an example of the remainder When 
the homothetic ratio of the comparison regions of the 
comparison source image and comparison destination image 
is 1:2. Since the remainder values of the comparison source 
image and comparison destination image are different, the 
remainder cannot be assigned to the blocks of the compari 
son source image and the comparison destination image 
under the same condition. This adversely affects the preci 
sion of processing of calculating a correction position. 

[0108] Hence, by reducing the comparison source image 
and comparison destination image to the same siZe, the same 
remainder can be obtained betWeen the comparison desti 
nation image and the comparison source image, Which can 
then be treated under the same condition. Further, adverse 
in?uence of the remainder upon block division can be 
avoided. 

[0109] By reduction processing, the siZes of the compari 
son regions of the comparison source image and comparison 
destination image become equal to each other. As for the siZe 
of the comparison region, the lateral dimension (number of 
lateral pixels) is represented by ImgH, and the longitudinal 
dimension (number of longitudinal pixels) of the compari 
son region is represented by ImgV. 

[0110] In step S204, level conversion processing of adjust 
ing the feature amount levels (the numbers of colors and the 
numbers of gray levels) of the comparison images to the 
loWer feature amount level of the tWo images is executed. 

[0111] When both comparison images (comparison source 
image and comparison destination image) are color images, 
grayscale images, or binary images, no conversion is done. 

[0112] When comparison images are a color image and 
grayscale image, the color image is converted into a gray 
scale image. If one of the comparison images is a binary 
image, the other is converted into a binary image. 

[0113] With this processing, the feature amount levels 
(number of colors and number of gray levels) of the com 
parison images can be adjusted to the loWer feature amount 
level of the tWo images. 

[0114] In step S205, the initial value of comparison pro 
cessing is set. 

[0115] More speci?cally, an upper limit horizontal block 
division count Dh_M Which is smaller than the lateral pixel 
count ImgH of the comparison region is set. An upper limit 
vertical block division count Dv_M Which is smaller than 
the longitudinal pixel count ImgV of the comparison region 
is set. 

[0116] Initial block division counts (Vh and Vv) in the 
horizontal and vertical directions are set to values much 
smaller than the numbers of lateral and longitudinal pixels of 
the comparison region. If the initial counts are too small, the 
count of recursive processing (to be described later) using 
the initial block division counts increases, and the process 
ing time becomes long. To the contrary, if the initial counts 
are too large and the position shifting amount does not fall 
Within the range of one block prepared by dividing the 
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comparison region, position shifting correction processing 
may not converge in principle. 

[0117] It is, therefore, preferable to predict the precision of 
the comparison region and set an initial block division count 
so that an error su?iciently falls Within the block siZe. 

[0118] A block division count used for the next compari 
son processing is set by multiplying the current block 
division count by the second constant [3, and is updated to a 
position correction value of a higher precision every time 
processing is repeated. The second constant [3 is set to the 
range of 1.0 (exclusive) to about 2.0 (maximum), and 
preferably to 2.0. 

[0119] As the second constant [3 is smaller, convergence of 
position correction processing is more assured. In this case, 
hoWever, the count of recursive processing increases, and 
processing takes a long time. Thus, a desired value is set in 
accordance With an application purpose. 

[0120] In step S206, initialiZation processing is executed. 

[0121] More speci?cally, position correction amounts (Cx 
and Cy) in the X (lateral) and Y (longitudinal) directions are 
initialiZed to 0. A counter Km for comparison processing 
using the numbers of longitudinal and lateral pixels of the 
comparison region as longitudinal and lateral block division 
counts is also initialiZed to 0. Flags FSh and FSv represent 
ing that the block division counts (Vh and Vv) have respec 
tively reached upper limit block division counts (Dh_M and 
Dv_M) are also initialiZed to 0. 

[0122] In step S207, it is determined Whether recursive 
processing end conditions in steps S208 to S216 are satis 
?ed. The end conditions are used to control the recursive 
processing count, and Will be described in detail later. If the 
end conditions are satis?ed (YES in step S207), the How 
advances to step S217. If the end conditions are not satis?ed 
(NO in step S207), the How advances to step S208. 

[0123] In step S208, the position correction amounts (Cx 
and Cy) and block division counts (Vh and Vv) are desig 
nated, and comparison processing is performed using a 
plurality of types of block shifting patterns. Based on the 
result of comparison processing, position correction 
amounts (Cx and Cy) and a minimum similarity distance 
Dmin used for the next comparison processing are calcu 
lated. 

[0124] Details of comparison processing in step S208 Will 
be explained With reference to FIG. 5. 

[0125] FIG. 5 is a ?owchart shoWing details of compari 
son processing according to the embodiment of the present 
invention. 

[0126] In step S501, the position ofthe comparison region 
of a comparison source image is corrected by designated 
position correction amounts (Cx and Cy), and the compari 
son region is divided into blocks by designated block 
division counts (Vh and Vv). The comparison region of a 
comparison destination image is also divided into blocks by 
the designated block division counts (Vh and Vv). 

[0127] An image to Which the position correction amounts 
(Cx and Cy) are applied may be a comparison source image 
or comparison destination image. The embodiment Will 
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exemplify a case wherein the position correction amounts 
(Cx and Cy) are applied to position correction of a com 
parison source image. 

[0128] In step S502, the average feature amount of blocks 
in the divided comparison region is calculated. 

[0129] In calculation, When both the comparison images 
are color images, the average of color channels in each color 
image is calculated as an average feature amount. When the 
comparison images are a color image and grayscale image or 
both of them are grayscale images, the average brightness of 
each image is calculated as an average feature amount. 
When one of the comparison images is a binary image, a 
value Which is a majority in each binary block is de?ned as 
an average feature amount. 

[0130] Accordingly, even if the types of tWo images are 
different, average feature amounts are calculated for a fea 
ture With a smaller information amount of the tWo images, 
and compared. 

[0131] In step S503, a counter i representing a position 
shifting pattern i is initialiZed to 1. In step S504, it is 
determined Whether the value of the counter i is equal to or 
smaller than 9. If the value of the counter i is equal to or 
smaller than 9 (YES in step S504), the How advances to step 
S505. If the value of the counter i is larger than 9 (N O in step 
S504), the How advances to step S508. 

[0132] Step S504 determines Whether similarity compari 
son processing using each of position shifting patterns 
prepared in advance has been completed. In particular, the 
embodiment adopts nine position shifting patterns (nine 
directions), but the present invention is not limited to this 
and can adopt an arbitrary number of position shifting 
patterns (e.g., ?ve directions). 

[0133] An example of the position shifting pattern Will be 
explained With reference to FIG. 6. 

[0134] FIG. 6 is a vieW shoWing an example of the 
position shifting pattern according to the embodiment of the 
present invention. 

[0135] FIG. 6 illustrates nine position shifting patterns. In 
FIG. 6, position shifting patterns 1 to 9 are selected in 
accordance With the value of the counter i. 

[0136] In FIG. 6, a position shifting direction (position 
correction amount) on each position shifting pattern is given 
by a unit vector V(i)=(xi,yi). The unit vector originally 
represents a vector of magnitude 1. In this case, unit vectors 
V(6) to V(9) of position shifting patterns 6 to 9 are unit 
vectors (V2 Which are synthesiZed using unit vectors V(2) to 
V(5) of position shifting patterns 2 to 5 and do not have 
magnitude 1. HoWever, for descriptive convenience, the 
term “unit vector” Will also be used for position shifting 
patterns 6 to 9. 

[0137] In FIG. 6, for example, position shifting pattern 1 
has a position correction amount V(1)=(0,0). That is, no 
substantial position shifting occurs in the X and Y directions. 
For example, position shifting pattern 9 has a position 
correction amount V(9)=(l,—l). In this case, the position of 
the comparison region is shifted by “l” in the X direction 
and “—l” in the Y direction. More speci?cally, the position 
of the comparison region of a comparison source image is 
shifted, as shoWn in FIG. 7. 
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[0138] Referring back to FIG. 5, in step S505, similarity 
comparison processing is performed using the position shift 
ing pattern i to be processed. 

[0139] More speci?cally, the absolute value of the differ 
ence in feature amount betWeen the overlapping portions of 
the comparison source image and comparison destination 
image after position shifting of the comparison region of the 
comparison source image on the basis of the position 
shifting pattern i is calculated for each block, and the 
absolute values of the differences of blocks are added. 

[0140] The sum is divided by the number of blocks at the 
overlapping portion, and an average difference Dilf(i) per 
block is calculated as a similarity distance (similarity). TWo 
upper smallest similarity distances (similarities), i.e., tWo 
upper smallest average differences Dilf(i) per block in i 
similarity comparison processes are decided. The similarity 
distance represents the average difference Dilf(i), and the 
similarity is higher as the similarity distance is smaller. In 
other Words, the smallest similarity distance corresponds to 
the highest similarity. 

[0141] In step S507, the counter i is incremented by one, 
and the How returns to step S504 in order to select the next 
position shifting pattern. In step S504, if the value of the 
counter i is larger than 9 (NO in step S504), i.e., all the 
position shifting patterns have been selected and similarity 
comparison processing using each position shifting pattern 
has ended, the How advances to step S508. 

[0142] In step S508, the smallest (?rst) similarity distance 
among similarity distances decided by processing in step 
S506 is multiplied by the ?rst constant 0t. The product is set 
as a threshold TH1 for determining Whether to enable a 
position shifting pattern corresponding to the second simi 
larity distance. 

[0143] From the experiments conducted by the present 
inventor, the constant 0t is preferably about 1.2. 

[0144] In step S509, it is determined Whether the second 
similarity distance is smaller than the threshold TH1. If the 
second similarity distance is equal to or larger than the 
threshold TH1 (NO in step S509), the position correction 
amounts (Cx and Cy) are calculated in step S510 from ?ags 
FSh and FSv and the ?rst position shifting pattern p1 
corresponding to the smallest (?rst) similarity distance. 

[0145] The position correction amounts (Cx and Cy) are 
calculated by 

[0150] V(i,x): the x component of the unit vector V(i) of 
the position shifting pattern i 

[0151] V(i,y): the y component of the unit vector V(i) of 
the position shifting pattern i 






















